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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

* 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
(57) [Claim(s)] 

[Claim 1] In the current position recognition processor of a mobile which 
recognizes the self current position and moves based on the image information 
which was equipped with the visual sensor and obtained through said visual 
sensor at least A storage means to memorize two or more focus beforehand 
about the objective configuration or objective location where said current 
position recognition processor exists in a. migration space, And according to the 
performance index of the function about distance prepared beforehand, and the 
function about an include angle which contains either at least, the predetermined 
focus is chosen out of the focus of the b. aforementioned plurality, a recognition 
means to recognize the self current position based on the image information 
about said selected focus — since — the current position recognition processor of 



the mobile characterized by becoming. 

[Claim 2] The walk control device of the leg formula mobile robot carry out 
having a walk actuation decision means choose walk actuation of the a. 
aforementioned robot from two or more predetermined walk functions, and opt 
for it in the walk control device of the leg formula mobile robot which comes to 
have the leg link of two or more, and the driving means drive said leg link so that 
the walk actuation by which the b. aforementioned decision was made may be 
realized as the description. [Claim 3] said walk function — the walk control unit of 
the leg formula mobile robot a halt -> rectilinear-propagation -> halt and given in 
claim dyadic which halt -> reach and are characterized by -> halt and halt -> 
coming down and including -> halt, a halt -> turn -> halt, and a halt -> step 
doubling -> halt at least. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to what realized improvement in the 
speed and high-degree-of-accuracy-izing of visual-recognition processing in the 



mobile robot which more specifically recognizes the characteristic configuration 
of having been suitable for the visual-recognition algorithm within a migration 
environment, about the current position recognition processor of a mobile etc., 
and recognizes the self current position from that recognized location. 
[0002] 

[Description of the Prior Art] Although various things including an owner man and 
uninhabited exist as a mobile, a mobile robot can be mentioned to a thing typical 
as an uninhabited mobile. And as a robot of a migration mold, various things, 
such as a thing of a leg formula given in JP,62-97005,A, a thing of a crawler type 
given in JP,62-2851 12, A, or a thing of a wheel type, are proposed until now. 

* 

When such a mobile robot moves indoors, being easy to be visible like head 
lining or a door, and a configuration also carrying out visual-recognition 
processing of the easy thing, and moving in quest of the self current position is 
expected, in addition, the visual-recognition processing technique itself — for 
example, "research of a machine" ~ it is detailed to the 43rd volume, No. 1 
(1991) or "Japanese Society for Artificial Intelligence" Vol.5, No.6 (November, 
1990), etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since to recognize the 
current position and to move with a sufficient precision in the inside of a 



complicated environment is demanded in case a robot moves actually, by the 
technique to which it is far away and measurement of an exact location tends to 
get to know the current position by the difficult object like the aforementioned 
head lining, sufficient migration precision is unrealizable. 

[0004] For this reason, although it is considered easily that what it is easy to 
recognize tends to be chosen and it is going to recognize the current position to 
high degree of accuracy out of the configuration of the object near the robot The 
configuration of having been suitable for the visual recognition which exists in 
such a common object It is the label with which the objective corner differed from 
color, and unless moving trucking is specified, it is difficult which description 
configuration they use out of them by existing much actually, and to set up 
beforehand. 

[0005] Therefore, it is in the object of this invention canceling the 
above-mentioned inconvenience, and is in offering the current position 
recognition processor of the mobile which enabled it to recognize the current 
position to a high speed and high degree of accuracy through visual-recognition 
processing in the mobile which moves in the inside of a migration environment. 
Furthermore, when the leg formula mobile robot which is a mobile walked 
actually, walk control had to be carried out so that it might move in the inside of 
the environment where many obstructions exist, avoiding an obstruction, and to 



realize such walk control was desired. Therefore, the 2nd object of this invention 
is to offer the walk control unit of the leg formula mobile robot which is stabilized 
also in the environment where many obstructions exist and enabled it to carry 
out walk control. [0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, this invention was constituted as following. If it is in claim 1 term when 
the expression of the example mentioned later is written in addition and 
explained In the current position recognition processor of a mobile which 
recognizes the self current position and moves based on the image information 
which was equipped with the visual sensor 32 and obtained through said visual 
sensor at least A storage means to memorize two or more focus beforehand 
about the objective configuration or objective location where said current 
position recognition processor exists in migration space (from S10 to a control 
unit 26 and 12), And according to the performance index of the function about 
distance prepared beforehand, and the function about an include angle which 
contains either at least, the predetermined focus is chosen out of said two or 
more focus. It constituted so that it might consist of a recognition means (a 
control unit 26, S14 to 20, S100) to recognize the self current position based on 
the image information about said selected focus. In the walk control unit of the 
leg formula mobile robot 1 which comes to have the leg link 2 of two or more if it 



is in claim 2 term A walk actuation decision means to choose walk actuation of 
said robot from two or more predetermined walk functions, and to opt for it (from 
S10 to a control unit 26 and S18), And it constituted so that it might have the 
driving means (from S20 to a control unit 26 and S28) which drives said leg link 
so that said walk actuation for which it opted may be realized, if it is in claim 3 
term -- said walk function — halt -> rectilinear-propagation -> halt and halt -> — 
reaching — -> halt — it constituted so that it might halt -> come down and -> halt, 
a halt -> turn -> halt, and a halt -> step doubling -> halt might be included at least. 
[0007] 

[Function] Since the self current position was recognized based on the 
performance index of the function about distance which memorizes two or more 
focus beforehand about the objective configuration or objective location which 
exists in migration space, and was beforehand prepared out of it, and the 
function about an include angle which contains either at least, the current 
position can be recognized to a high speed and high degree of accuracy by 
setting up the performance index suitably. Furthermore, since it constituted so 
that walk actuation of a robot might be chosen from two or more predetermined 
walk functions, it might determine, and walk actuation for which it opted might be 
realized, and said leg link might be driven, also when moving a complicated 
environment, description of a target path becomes clear, control becomes easy, 



I 

and the stable walk control can be realized. [0008] 

[Example] Hereafter, taking the case of the leg formula mobile robot of a 
2-pair-of-shoes walk, the example of this invention is explained as a mobile. 
Drawing 1 is explanation skeleton drawing showing the robot 1 on the whole, 
and equips the leg link 2 of each right and left with six joints (shaft) (each joint 
(shaft) is illustrated with the electric motor which drives it for the facilities of an 
understanding). To the order from a top, the joints (shaft) of these six individuals 
are the joints 10R and 10L (right-hand side is set to R and left-hand side is set to 
L.) for leg winding of the waist (shaft). Below The same joints 12R and 12L of the 
pitch direction (circumference of the y-axis) of the waist (shaft), The joints (shaft) 
14R and 14L of this roll direction (circumference of a x axis), the joints 16R and 
16L of the pitch direction of a knee region (shaft), While being the joints (shaft) 
18R and 18L of the pitch direction of a guide-peg neck, and the joints (shaft) 20R 
and 20L of this roll direction and attaching **** (foot) 22R and 22L in the lower 
part A base (idiosoma 24) is prepared in the most significant, and the control unit 
26 equipped with the microcomputer so that it might state later is stored in the 
interior. In the above, a waist joint consists of joint (shaft) 10R (L), 12R (L), and 
14R (L), and an ankle joint consists of joint (shaft) 18R (L) and 20R (L). 
Moreover, it is the thigh links 28R and 28L between a waist joint and a knee joint, 
and is connected by the leg links 30R and 30L between a knee joint and an 



ankle joint. 

[0009] The leg link 2 can give six degrees of freedom about a guide peg on 
either side, respectively, and it can give the movement toward a request to the 
whole guide peg, and it consists of driving these 6x2=12 piece joints (shaft) at a 
respectively proper include angle during a walk so that three-dimension space 
can be walked to arbitration. Although it has the reducer which the 
above-mentioned joint which stated previously consists of an electric motor like, 
and doubles the power that output further, since that detail is given to the 
application (Japanese Patent Application No. No. 324218 [ one to ], 
J P, 3-1 84782, A) which these people proposed previously and it is not just going 
to consider in itself as the summary of this invention, the explanation beyond this 
is omitted. 

[0010] Here, one-piece (ocellus) arrangement of the visual sensor 32 which 
becomes a robot's 1 base 24 shown in drawing 1 from a well-known CCD 
(solid-state image component) camera is carried out, and the output is sent to 
the image-processing unit 34 which consists of a microcomputer. Moreover, 
well-known 6 axial-tension sensor 36 is formed in a guide-peg neck, the force 
components Fx, Fy, and Fz of x, y, and the direction of z transmitted to a robot 
through **** and the moment components Mx, My, and Mz of the circumference 
of the direction are measured, and the existence of landing of a foot, the 



magnitude of the force of joining a support saddle, and a direction are detected. 
Moreover, the dip sensors 40 and 42 of a couple are installed in the upper part of 
a base 24, and the inclination to the z-axis, its angular velocity and the angular 
acceleration, the inclination [ similarly as opposed to the z-axis within a y-z flat 
surface ] and its angular velocity, and angular acceleration within a x-z flat 
surface are detected. Moreover, the rotary encoder which detects the rotation is 
prepared in the electric motor of each joint (in drawing 1 , only the thing for the 
electric motors of an ankle joint is shown). These outputs are sent to the above 
mentioned control unit 26. 

[001 1] Drawing 2 is the block diagram showing the detail of a control unit 26, and 
consists of microcomputers. In there, the output of the dip sensors 40 and 42 etc. 
is changed into digital value with A/D converter 50, and the output is sent to 
RAM54 through a bus 52. Moreover, the output of the encoder which adjoins 
each electric motor and is arranged is inputted in RAM54 through a reversible 
counter 56. Moreover, in order that a user may input a target position etc., a 
keyboard and a mouse 58 are formed (it is a graphic display abbreviation at 
drawing 1 ), and the output is sent out in a microcomputer through the user 
interface 60 which consists of a microcomputer. Furthermore, the output of the 
above mentioned image-processing unit 34 is similarly incorporated in a 
microcomputer through a communication interface 62. The arithmetic unit 64 is 



formed in the control unit, recognition processing of the current position is 
performed, a walk control value is determined so that it may state to a detail later 
based on the environmental map stored in ROM66, the rate command value of 
an electric motor is computed from deflection with the actual measurement sent 
out from a reversible counter 56, and it sends out to a servo amplifier through 
D/A converter 68. 

[0012] Then, actuation of this control unit is explained. 

[0013] Drawing 3 is the functional block diagram setting a focus to environment 
recognition processing and showing the actuation in it. Migration control is 
performed like a graphic display, recognizing the current position from the image 
information obtained through the visual sensor 32 based on the environmental 
map stored in above mentioned ROM66. 

[0014] Hereafter, the detail is explained with reference to the flow chart (PAD 
diagram (structuring flow chart)) of drawing 4 . 

[0015] First, in S10, the location and direction the robot 1 is standing are inputted 
into the order-of-magnitude value of the initial current position in a migration 
environment, i.e., the beginning, and, subsequently the location of a moving 
target, i.e., a target point, and the direction of a robot are inputted into it in S12. 
This input is performed through the keyboard and mouse 58 which were shown 
in drawing 2 , and a user interface 60. 



[0016] Here, in this example, indoor environment as shown in drawing 5 as a 
migration environment is assumed. That is, a robot goes up and down a stairway 
according to the given instruction, chooses the path for passing through between 
two columns and arriving at a target point, refers to the path, and performs 
migration actuation. An environmental map describes hierarchical that it results 
[ from the top level ] in the 3rd level through the 2nd level so that it may be well 
shown in drawing 6 . The top level shows the joint relation in a building, and is 
described as association of area. Area consists of a room and a link. A room 
means locations through which it must pass in order that a link may move 
between rooms the space considered by 1 lump in field like a chamber or a 
corridor, such as a stairway and a door, here. Under the top level, body 
arrangement information is described as the 2nd level, and the information on 
the access keepout area stated about each body to the bottom of it later, the 
information on a shape facility, etc. are described further. The detail is shown in 
drawing 7 and drawing 8 . Such information is stored in ROM66 as an 
environmental map. In addition, below only within the migration in the chamber 
shown in drawing 5 , it explains. 

[0017] Subsequently to S14 in the drawing 4 flow chart, it progresses, and path 
planned processing is performed. It is not easy to control freely a travelling 
direction, such as moving in the path top which progressed a leg formula mobile 



robot and the specified distance, or was specified, in the thing of a 
2-pair-of-shoes walk especially. However, in migration control, implementation of 
such migration is indispensable. So, in this example, migration actuation is 
divided into some basic walk functions, and it was made to perform it. Migration 
control is realizable only by the control processing which performs a basic walk 
function by this. The basic walk function was made into five sorts, (a) rectilinear 
propagation, (b) stairway rise and fall, the (c) turn, (d) step doubling (before or 
after), and (e) step doubling (right and left), as shown in drawing 9 . At the event 
of path planned processing of S14, it expresses as association of a basic walk 
function to this appearance, and the direct expression as an orbit is not carried 
out. 

[0018] The path planned processing by these S14 is what (S18) an 
indispensable shunt as shown in drawing 10 is generated (S16), and an obstacle 
avoidance path as shown in drawing 12 , considering interference with an 
obstruction as shown in drawing 11 is specifically generated for. Here, as an 
indispensable shunt, it considers as the location and direction of Point B and the 
point C escaping [ stairway field ] at the stairway downward glance gage mark A 
and the beginning of stairway rain. If this is shown in a detail, it will become like 
drawing 13 . 

[0019] It continues in the drawing 4 flow chart, and progresses to S20, and 



migration control to the stairway downward glance gage mark (A point) is 
performed. 

[0020] If it explains with reference to the drawing 14 flow chart which shows the 
subroutine, in S100, the current position will be recognized first. Specifically, 
selection processing is first prepared in S102. Drawing 15 is a flow chart which 
shows the subroutine, and preparation of selection processing is preparing 
visual field count of the camera (visual sensor 32) in the presumed current 
position, as indicated to S1020 and S1021. It is shown in drawing 16 . 
[0021] In the drawing 14 flow chart, it progresses to S104 continuously and a 
shape facility point is narrowed down. Drawing 17 is a flow chart which shows 
the subroutine. Out of the shape facility point indicated by environmental 
information, in order to compute the candidate of a shape facility point, 
narrowing-down processing of a shape facility point performs assessment by the 
1st performance index for narrowing down to all the shape facility points (shown 
in drawing 8 ) of all the bodies of the environmental information information 
described hierarchical, and makes the list of focus candidates in order of the 
assessment result. As the 1st performance index, recognition precision was as 
bad as the long distance point, and the distance from [ from the general property 
in which the possibility of the incorrect recognition with other configurations is 
large ] a robot was adopted as a performance index about the magnitude of a 



recognition error. Since the number of focus candidates should prepare only a 
number required for the next optimal description configuration point election 
processing, the number was set up beforehand and the unnecessary part is 
throwing away. You may ask for the list of the sequence of all shape facility 
points, without throwing away theoretically. 

[0022] As specifically shown in S1048 from S1040 of the drawing 17 flow chart, a 
shape facility point is selected out of the node data (shown in drawing 8 ) of the 
object object described by environmental information, and it investigates 
whether as for close, the shape facility point is in the visual field of the camera at 
that time. Next, the distance from a robot to a shape facility point is calculated. 
Since it is vision processing by the ocellus, as shown in drawing 18 , the 
distance from a robot to a shape facility point is found with the distance to the 
point which crosses the height of the shape facility point that the look from a 
camera to a shape facility point is indicated by environmental information. 
[0023] Since only the distance to a shape facility point can be measured by this 
technique, in order to ask for a robot's current position, it is necessary to find the 
distance to at least two or more shape facility points. In this example, the 
location is determined from that necessary minimum distance of two points. On 
the other hand, by this technique, if the include angle which two points sandwich 
is small, the measurement error of a direction will become large. Therefore, it 



was made for a measurement error not to become large in selection processing 
of the following optimal shape facility point of S106 in the drawing 14 flow chart. 
[0024] That is, in selection processing of the optimal shape facility point shown in 
the drawing 19 subroutine flow chart, if the include angle of two high orders of a 
shape facility point candidate to insert is larger than the include angle (allowance 
include angle) decided from a permissible dose with error, two points will be 
determined as an optimal shape facility point as they are, and a robot's current 
position will be calculated from the two points (S1060-S1062). Moreover, if 
smaller than an allowance include angle, it will judge whether the include angle 
inserted by two including other shape facility point candidates in a visual field 
can be enlarged (S1063). Since the processing time will become long quickly 
when the number of candidates increases if all combination is investigated at 
this time, in this example, the group of two points from which it inserts in that 
combination and an angle serves as max as exchanging one of two high orders 
has been determined as the optimal shape facility point. For example, when 
smaller than an allowance include angle, in this case, 1 is replaced with 
candidates' 1 and 2 one side, the clip angle alpha by candidates 1 and 2 
replaces with 4, and it was made to compare with an allowance include angle in 
quest of the new clip angle beta, as shown in drawing 20 . 
[0025] In addition, when the configuration which is [ incorrect-] easy to recognize 



is in near further as a performance index, the function about the recognition 
probability of the algorithm of visual recognition may be used so that the activity 
of the focus of such a configuration may be avoided. Moreover, although it is 
possible to use together other environment recognition means, such as two or 
more visual recognition and sonar, and to recognize the current position when 
moving in the inside of a complicated environment, the ease of those 
processings and the performance index in consideration of recognition precision 
etc. may be set up in that case, and a shape facility point may be determined. 
[0026] If it returns to the drawing 14 flow chart, after recognizing the current 
position through location measurement of the focus chosen in S107, it 
progresses to S108 continuously and walk planned processing is performed. 
This means the activity developed to a basic walk function so that it may become 
the moving target specified as shown in drawing 21 . If it explains according to 
the drawing 22 flow chart which specifically shows the subroutine, a changeover 
include angle etc. will be determined in S1080, and the number of steps and 
remainder will be determined in S1081. Like, it converts whenever [ alpha ] first 
(it considers as the mode P1), it moves forward n step (mode P2), and the walk 
(mode P4) on which it more specifically commented to the lower part of drawing 
22 and which moves forward by step doubling (mode P3), and finally converts 
I'm whenever [ beta ] not much plans (in addition, (a) etc. attached after each 



mode shows the corresponding basic walk function which is shown in drawing 
9). 

[0027] It progresses to S110 in the drawing 14 flow chart, and walk control 
processing is performed. It means determining a control value that sequential 
execution of P4 should be carried out from the mode P1 as this means the 
sequential execution in the basic walk mode by the walk plan as shown in S1 12, 
and the subroutine flow chart of drawing 23 is specifically shown in 
S1120-S1123. However, what should be minded here is performed so that 
control may be determined with the include-angle command value about 12 
joints shown in drawing 1 so that the corresponding basic walk function may be 
realized, the deflection of an include-angle command value and the actual value 
acquired through the encoder may more specifically be canceled and each 
motor may be driven through a servo amplifier in this phase. However, since it is 
not just going to make that detail into the object of this invention, the explanation 
beyond this is omitted. 

[0028] In the drawing 14 flow chart, it sets to S114 continuously. Recognition 
processing of a migration error, Namely, processing which recognizes the same 
current position as S100 to the estimate of the current position after the 
migration based on the command value to a moving target (under a stairway), 
and recognizes a migration error with a command value is performed. When it is 
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judged that an error exceeds a predetermined value by S116-S120, correction 
migration is repeated until an error becomes below the predetermined value. 
The condition of searching for a migration error is shown from the current 
position presumed from the migration command to drawing 24 , and the current 
position for which it asked through the visual sensor. In addition, drawing 25 is 
the explanatory view of a check of the shape facility point by the image 
processing. 

[0029] If it returns to the drawing 4 flow chart, it will progress to S22-S28 
continuously, and stairway ascent actuation etc. will be performed, but since this 
is recognizing the current position similarly that the migration to the stairway 
downward glance gage mark of S20 described, performing walk (migration) 
control, recognizing a migration error, and performing correction migration, the 
detail omits. 

[0030] This example describes all the shape facility points of the body which 
exists in the migration space to plan to the environmental map, sorts out the 
thing in predetermined clearance first according to the performance index 
beforehand prepared out of it, sandwiches it only using the input image data of 
that near, chooses what has a larger angle than an allowance include angle, and 
recognized the current position. Moreover, although one side of a candidate 
point was replaced with, it remeasured and the allowance include angle was 



exceeded when a clip angle was below an allowance include angle, what serves 
as max in inside is chosen, and the current position was recognized. 
Furthermore, the error of not the absolute current position but the relative current 
position, i.e., the current position presumed from the migration command and 
the actual current position obtained through the visual sensor, was searched for, 
and when an error exceeded tolerance, it was made to carry out correction 
migration. Therefore, environment recognition processing to the shape facility 
point of having been suitable for recognizing the current position can be carried 
out to a high speed and high degree of accuracy. Moreover, when recognition of 
the location of the suitable focus in various migration points can be performed 
from describing the focus to an environmental map, the current position can be 
recognized with an easy configuration. 

[0031] In addition, various variations are possible for the expansion to the basic 
walk function stated by drawing 21 , for example, when it is drawing 26 , after it 
performs step doubling on either side, it may go straight on, or the course may 
be changed like the time of drawing 21 , and it may go straight on, and may be 
turned again. 

[0032] In addition, although the visual sensor of an ocellus was used in the 

above-mentioned example, the thing of a compound eye may be used. 

[0033] Furthermore, although the leg formula mobile robot of a 2-pair-of-shoes 



walk of this invention was explained, it is not restricted to it and carries out 
appropriate also to the leg formula mobile robot of 1 pair of shoes or 3 pairs of 
shoes or more further also at mobile robots of other gestalten, such as a crawler 
mold and a wheel mold. 
[0034] 

[Effect of the Invention] In the current position recognition processor of a mobile 
which recognizes the self current position and moves based on the image 
information which was equipped with the visual sensor and obtained through 
said visual sensor at least if it was in claim 1 term A storage means to memorize 
two or more focus beforehand about the objective configuration or objective 
location where said current position recognition processor exists in migration 
space, And according to the performance index of the function about distance 
prepared beforehand, and the function about an include angle which contains 
either at least, the predetermined focus is chosen out of said two or more focus. 
Since it constituted so that it might consist of a recognition means to recognize 
the self current position based on the image information about said selected 
focus, the current position can be recognized to a high speed and high degree of 
accuracy by setting up a performance index suitably. 

[0035] In the walk control unit of the leg formula mobile robot which comes to 
have the leg link of two or more if it is in claim 2 term Since it constituted so that it 



might have a walk actuation decision means to choose walk actuation of said 
robot from two or more predetermined walk functions, and to opt for it, and the 
driving means which drives said leg link so that said walk actuation for which it 
opted may be realized Also when moving a complicated environment, 
description of a path becomes easy, and walk control which could be made to 
avoid an obstruction certainly and was stabilized can be realized. [0036] if it is in 
claim 3 term « said walk function — halt -> rectilinear-propagation -> halt and halt 
-> - reaching — > halt, since it constituted so that it might halt -> come down 
and -> halt, a halt -> turn -> halt, and a halt -> step doubling -> halt might be 
included at least While calculation of a constraint type becomes easy, also when 
moving a complicated environment, description of a path becomes easy, and 
walk control which could be made to avoid an obstruction certainly and was 
stabilized further can be realized. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram, showing the leg formula mobile robot of 
a 2-pair-of-shoes walk of the current position recognition processor of the mobile 



concerning this invention on the whole as an example. 

[Drawing 2] It is the explanation block diagram of the control unit shown in 
drawing 1 . 

[Drawing 3] It is the functional block diagram showing actuation of the control 
unit shown in drawing 2 . 

[Drawing 4] It is the flow chart which shows actuation of the control unit shown in 
drawing 2 . 

[Drawing 5] It is the explanatory view of the migration environment planned by 
the drawing 4 flow chart. 

[Drawing 6] It is the explanatory view showing concretely the example of 
description of the environmental map of drawing 5 . 

[Drawing 7] It is the explanatory view showing more the 3rd level of the example 
of description of drawing 6 in a detail. 

[Drawing 8] It is the explanatory view showing more the 3rd level of the example 
of description of drawing 6 in a detail, and is the explanatory view showing 
especially description of the focus in a detail. 

i 

[Drawing 9] It is the explanatory view showing the basic walk function planned by 
the drawing 4 flow chart. 

[Drawing 10] It is the explanatory view showing generation of the indispensable 
shunt in the drawing 4 flow chart. 



[Drawing 11] It is the explanatory view showing generation of the medium eye 
gage mark in the drawing 4 flow chart. 

[Drawing 12] It is the same explanatory view showing generation of the medium 
eye gage mark in the drawing 4 flow chart. 

[Drawing 13] It is the explanatory view showing the path set up by generation of 
the medium eye gage mark in the drawing 4 flow chart. 

[Drawing 14] It is the flow chart which shows the subroutine of the migration to 
the stairway downward glance gage mark in the drawing 4 flow chart. 
[Drawing 15] It is the flow chart which shows the subroutine of preparation of 
selection processing among recognition of the current position in the drawing 14 
flow chart. 

[Drawing 16] It is the explanatory view showing actuation of the drawing 15 flow 
chart. 

[Drawing 17] It is the flow chart which shows the subroutine of narrowing down of 
the shape facility point in the drawing 14 flow chart. 

[Drawing 18] It is the explanatory view showing actuation of the drawing 17 flow 
chart. 

[Drawing 19] It is the flow chart which shows the subroutine of selection of the 
optimal shape facility point in the drawing 14 flow chart. 

[Drawing 20] It is the explanatory view showing actuation of the drawing 19 flow 



chart. 

[Drawing 21] It is the explanatory view showing assignment of a moving target, 
and the expansion to a basic walk function. 

[Drawing 22] It is the flow chart which shows the subroutine of the walk planned 
processing in the drawing 14 flow chart. 

[Drawing 23] It is the flow chart which shows the subroutine of the sequential 
execution in the basic walk mode by the walk plan in the drawing 14 flow chart. 
[Drawing 24] It is the explanatory view showing an error with the recognition 
result of the current position and a robot's current position presumed from the 
migration command. 

[Drawing 25] It is the explanatory view showing recognition of the shape facility 
point by the image processing. 

[Drawing 26] It is the explanatory view showing other variations of the expansion 
to the same basic walk function as drawing 21 . 
[Description of Notations] 

1 Leg Formula Mobile Robot (2-Pair-of-Shoes Bipedal Robot) 

24 Base 

26 Control Unit 

32 Visual Sensor 

34 Image-Processing Unit 



58 Keyboard, Mouse 
60 User Interface 
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